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DUAL HEMTS PHERE ANTENNA 

Background nf tfi* avfiatigB 
The present invention is directed to the field of wireless networking, with particular 
applicability to rollouts in which there is a large ou^ty of wireless traffic in a given operational 
area, It is becoming increasingly common to implement wireless local area networks (WLANs) 
in addition to or in place of traditional LANs. In a traditional LAN, each client device, e.g. a 
personal computer etc., requires a physical, hard-wired connection to the network. However, 
with a WLAN, each client device includes a wireless capability (such as an insertable, embedded 
card or fully integrated capability) for wirelessly communicating with the network via an access 
point (AP) that includes an antenna, a transceiver and a hard-wired connection to the network. In 
this way, users may cany their hand-held devices and laptop computers within a physical area 
and still maintain a network connection. 

However, in "crowded" enterprise rollouts, it can be difficult for a large number of users 
to simultaneously access the network due to the contention-based protocol used. Accordingly, it 
has been contemplated that multiple wireless channels can be used for allowing user access. 
Three non-overlapping channels have been allocated in the 2.4 GHz band, and eleven channels in 
the 5 GHz band. Using multiple available channels, an AP maybe implemented in a single- 
package topology that enables simultaneous transmission and reception on nearby frequency 
channels at the same interval in time. A problem inherent with such a topology is a high degree 
of self-interference between signals on adjacent channels, resulting in poor quality of service. It 
is thus desirable to provide signal isolation between each transceiver in the AP. Depending on 
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the tranceiver architecture, there will be an additional antenna-to-antenna isolation requirement 
that must be met to achieve the overall required signal isolation. 

A special problem arises when a multiplicity of antenna elements used to support a single 
unit, multichannel AP are in close proximity to each other and whose element-to-element 
isolation is low. The overall requirement is to cover a large (omnidirectional) area with all of the 
AP channels, either in conceit or sectorially. Absorber materials are known for providing 
antenna isolation, but these materials are expensive, bulky, and otherwise unsuitable as the sole 
method for achieving the required isolation. Physical separation between the antennas is also a 
solution, however this would lead to a product that could not be neatly integrated into a single 
reasonably sized housing. This problem can be also addressed by the use of "smart" antennas, in 
which the antenna can be "steered" toward a particular client or group of clients to send and 
receive signals and yet maintain high isolation from other steered beams. Directional antennas 
with high front-to-back ratios (PfB ratio) can also be used in some applications, sucb as when a 
geometrically isolated area must be covered. However, a special case arises when a two channel 
system is desired These might be two channels in the 2.4 GHz band or two channels in the 5 
GHz band. In these situations, one desires a hemispherical radiation pattern so that the coverage 
area can be divided into two sectors. The isolation must still be high to allow simultaneous 
operation of those two transceivers. A novel solution to this special problem is disclosed herein. 

Summary of qipftffffltftm 
The difficulties and drawbacks of previous-type implementations are addressed by the 
presently-disclosed embodiments in which a wireless device is disclosed, including an antenna 
system comprising one or more antonna elements for sending and receiving a wireless signal. 

GLSWI49.1 2 
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One or more conductive members are included, having an edge displaced from and substantially 
directed toward at least one antenna clement, and cooperating therewith to establish a 
hemispherical beam pattern for a wireless signal- 
As will be realized, the invention is capable of other and different embodiments and its 
several details arc capable of modifications in vinous respects, all without departing from the 
invention. Accordingly, the drawings and description are to be regarded as illustrative and not 
restrictive* 

Brief Description 9 f % PfflWlH 
Figs. 1A, IB and 1C respectively show various embodiments of the present antenna 

system. 

Fig. 2 shows the operation of a wireless access point implemented with the present 
antenna system. 

Figs 3A and 3B generally depict antenna gain pattern* obtainable with the present 
antenna system. 

Figs. 4 A, 4B, 4C> 4D and 4E show various alternate embodiments of a conductive fin as 
used with the present antenna system. 
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Figs. 5 A, SB and 5C are diagrams showing various degrees of signal isolation between 
each antenna in a dual antenna embodiment 

Fig 6 is a diagram showing the antenna gain pattern for a single antenna in a present 
embodiment. 



Detailed Description of the Invention 
Particular reference is now made to the figures, where it is understood that like reference 
numbers refer to like elements. As shown in Fig. 1A, the present antenna system 10 includes one 
or more antenna elements 12 for sendingend receiving a wireless signal. One or more 
conductive members 14 are provided, preferably in the form of metallic sheets or fins, having an 
edge 16 displaced from the antenna element 12. The edge 16 is substantially directed toward the 
antenna element 12. The antenna system 10 Is a cooperative component of a radio transceiver 
including a plurality of radio components for processing a wireless signal, as will be set forth in 
detail below. It has been observed that a conductive member 14 and an antenna oriented in this 
manner cooperate in such a way as to establish a hemispherical beam pattern, as will also be set 
forth in greater detail below. 

Applicants have discovered that metallic fins 14 configured with antennas 12 in the 
disclosed manner simultaneously provide signal isolation and a dual hemispherical radiation 
pattern for each antenna 1 2. It has been contemplated that the metallic fins 14 can be formed of 
brass having a thickness of about 5 mils and dimensions of 3 inches x 4 inches at a no mina l 
operating frequency of 2.4 GHz. Appropriate scaling is required for operation at other 
frequencies, inversely proportional to frequency. It is of course appreciated that any suitable 

O£7S0M».l 4 
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metal or other conductor could be substituted for brass. The antennas 1 2 are preferably dipoles 
selected to provide a wide bandwidth with a small aperture and a suieable eleraentaJ radiation 
pattern. 

In an exemplary embodiment shown in Fig. IB, two dipole antennas 1 2 are used with a 
plurality of metallic fins 14 placed between the antennas, lying in the same plane as the antennas 
1 2. A ground plane 1 8 may be optionally be Included. In this exemplary embodiment, a 
sandwich module 20 is provided for providing a farther levej of antenna isolation, The sandwich 
module 20 includes metal plates 22, preferably formed of brass, which substantially face the 
metal fins 14, preferably at a perpendicular angle. These plates 22 are preferably electrically 
separated from the fins 14, though they may optionally be in electrical contact. The sandwich 
module 20 also preferably Includes a separation material 24, which is preferably an RF isolating 
foam such as AN^77 or another suitable type of material. 

Various permutations of clement size and orientation were discovered that result in 
varying degrees of isolation, as will be shown below in the discussion of the other embodiments. 
For example, as shown in Fig. 1C, the sandwich may alternatively be omitted; an embodiment in 
which no metal plates 22 or isolating foam is employed In a further alternate embodiment, brass 
plates 22 alone may also be employed, without the isolating foam 24. In a further alternate 
embodiment, brass plates 22 may a]$o be employed, with the isolating foam 24. Table 1 lists 
various isolation cases of selected permutations of the sandwich module- 
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Table 1 Isolation vs. Sandwich 



Quantity of Conductive 
' Members 14 ■ 


Composition of Sandwich Module 20 


Isolation (dB) 


None 


Air 


22 


Two 


Air 


45 


Two 


Brass Sheets 22 


51 


Two 


Brass Sheets 22 and AN-77 24 


59 



Because a dipole is an omni- directional radiating element, the Isolation between two 
antennas is poor without any additional isolation element For example, at one wavelength of 
separation (4.8" at 2450 MHz), 2 dipoles have only 22 dB of isolation. However, with the 
presence of two of the fins 14, an isolation of greater than 45 dB is obtained, as shown in Fig. 
5A. However, with the presence of two fins 14 and a separation material 24 (brass sheets), an 
isolation of greaterthan 31 dB is obtained, as shown in Fig. 3B. However, with the presence of 
two fins 14 and a separation material 24 (brass sheets and isolating foam), an isolation greater 
than 59 dB is obtained, as shown in Fig 5C. the embodiment of Fig. IB provides signal 
isolation between the two dipole antennas of greater than 5 1 dB in the 2.4 GHz WLAN band, 
which is a standard band from 2412 to 2484 MHz, as shown in Fig. 5B. 

Fig. 6 illustrates the H-PIane radiation pattern of one hemisphere in the 
embodiment of Fig. IB. A 3 dB beamwidth is measured in the H-Plane of about 186 degrees, 
which Substantially demonstrates the desired characteristic of a hemispherical coverage antenna 
element. The resultant pattern demonstrates excellent symmetry and minimal variation over the 
frequencies of interest. A hemispherical radiation pattern results for each antenna element, 
thereby providing good radiated power at the points where the channels will overlap, thus 
minimizing pattem-to-pattern signal minima (or scalloping). 
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The hemispheric pattern and resulting high isolation obtained by the present arrangement 
enables a dual hemispherical antenna system in which two antenna elements 12a, 12b of Fig. 2 
can be used to cooperate with the conductive member 14, In this way, as especially shown in 
Fig. 2, each antenna clement 12a, 12b can communicate simultaneously on partially-interfering 
channels within the same wireless band. As shown in the Fig. 2, each antenna clement 12a, 1 2b 
cooperates with one of a plurality of radio transceivers 30. Each transceiver includes a plurality 
of respective radio components 32a, 32b for processing a wireless signal. In this manner, one 
antenna 12a e.g. can transmit while the other antenna 12b receives on a different channel in the 
same band. As shown in Fig. 3A> each antenna 12a, and 12b would produce its own respective 
isolated beam pattern 34a, 34b such that a dual hemispheric beam pattern would ideally result 
with no coupling. However, in practice, as shown in Fig, 3B, the respective beam patterns 34a, 
34b are closer to about 186 .degrees, and so there is some overlap between the coverage areas of 
the antenna elements 12a, 12b. Though a minor amount of signal coupling may result in this 
overlap region, this is nevertheless a satisfactory outcome since it insures a full 360 degree field 
of coverage for wireless clients. 

The benefits of flic present system can be realized in a variety of configurations. In one 
embodiment, for example, a single antenna element 12 can be configured to cooperate with the 
conductive member 14. In a preferred embodiment, as particularly shown in Figs. 1A, IB, 1C 
inter alja, a pair of antenna elements 12 are provided, disposed respectively at opposite ends of 
the at least one conductive member, and cooperating therewith to establish a respective pair of 
hemispherical beam patterns. 

As is shown in Fig. 4A, a plurality of antenna elements 12a, 12b can be provided, 
disposed respectively along the periphery the conductive member 14. These antenna elements 
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12 and the conductive member cooperate therewith to establish a respective plurality of 
hemispherical beam patterns. Aportion of antenna elements 12a, 12b can be adapted to operate 
over one wireless frequency band, and another portion of antenna elements 12a, 12b can be 
adapted to operate over a second wireless frequency band. For example, in the four-antenna 
embodiment shown in Fig. 4A, the antenna elements 1 2a can be used to operate over the 2,4 
GHz band and the other antenna elements 12b can operata over the 5 GHz wireless band It 
should be understood that a peripheral arrangement is not limited to four antennas around a 
square conductive member. Any polygonal arrangement could be contemplated, such as 
hexagonal or octagonal, without departing from the invention. The isolation in these 
embodiments will differ from that example provided for the two-clcrnent configuration, 
depending upon the geometrical topology. 

Another embodiment of the present antenna system 10 is shown in Fig 4B, A plurality of 
conductive members 14a, 14b can be provided where each conductive member 14a, 14b is 
associated with one or more antenna elements 12a, 12b, The conductive members 14a, 14b are 
preferably discrete fins, oriented at a substantially perpendicular angle, where respective fins 14a 
are coplanar, and respective other fins 14b am also coplanar. Each conductive member 14a, 14b 
is preferably associated with a respective pair of antenna elements 12a f 12b, disposed at 
respective opposite ends of their respective conductive member 14a, 14b. The respective fins 
14a, 14b are preferably not connected, intersected members, but these can be made connected 
and intersecting without departing from the invention. Also, fteher to the embodiment of Fig. 
IB, this embodiment may be configured wife a sandwich module, in which the metal plates for 
one set of antennas 12a fonn the fins 14b for the respective other set of antennas 14b. 
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Preferably, the pair of antenna elements 12a associated witb a first conductive member 
14a is adapted to operate on a first wireless frequency band-- The pair of antenna elements 12b 
associated witb a second conductive member 14b is adapted to operate on a second wireless 
frequency band. The respective wireless frequency bands can be 2.4 GHz and 5 GHz wireless 
bands. However, it should be understood that this embodiment is not limited to only two bands. 
The antenna system 10 can include a number of conductive members arranged in a "star" type 
configuration, with respective pairs of antenna elements, all without departing from the 
invention. 

In the preferred embodiment, the conductive member 14 is two substantially coplanar 
elements that are coplanar with the one or more antenna elements 12, However, as shown in Fig. 
4c, a plurality of planar elements 14 can be provided, substantially coplanar witb the antenna 
element 12. Alternatively, the conductive member 14 can be a substantially contoured member. 
As shown in Fig. 4D, the substantially contoured conductive member 14 can be an angled 
member having a vertex edge 40 substantially directed toward the antenna clement 12. In 
general, it has been observed that the isolation and hamispheric beam pattern are obtained by 
having a sharply defined edge 16 directed toward the antenna element 12. Also* the edge 16 
should be parallel with the dipole antenna element 12. In the preferred embodiment, as indicated 
above, the antenna element 12 is a dipole antenna and the conductive member 14 is one or more 
discrete components. However, in an alternate embodiment shown in Fig. 4E, one or more 
antenna elements 12 and conductive members 14 can be formed on a single piece of circuit board 
material 42, and manufactured thereon by typical processes of circuit board manufacture, e.g. 
acid etching or machining, etc. In any event, it has been observed that the desirable isolation and 
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beam pattern were obtained in embodiments where the antenna element 12 is shorter that the 
respective edge 16 of me conductive member 14. 

The present dual hemisphere antenna arrangement provides a 180-degree sector antenna 
implementation with low "scalloping", greater than the gain of an omnidirectional antenna and at 
least 5 1 dB of isolation (so as to keep the transmit signal out of the receiver alternate channel). 
Also, the materials used in the present embodiments are inexpensive and me topology would be 
straightforward to manufecture. Thus, the present system aohieves superior results over 
previous-type systems with an inexpensive solution that simultaneously has 180° beamwidta and 
51 dB of isolation. This is an improvement over known-typo sectorized antennas, such as are 
common in the cellular world, that rely on physical separation, polarization diversity, and 
expensive diplexers to achieve isolation. 

The present conductive member 14 is essentially a reflector screen that provides a high 
degree of Isolation between two dipole antennas, simultaneously yielding a hemispherical 
radiation pattern in the H-plane. The solution does not require the use of traditional frequency 
selective surfaces where the benefit might be only 6 dB per octave per surface to get the 51 dB+ 
isolation. Similarly, the present invention does not require polarization screens since the two 
antenna elements 12 operate at the same polarization, and a slant polarization would result in a 4 
dB penalty of forward gain against the link budget. Finally, the present results are obtained in a 
compact package which would be very desireable from a consumer marketing standpoint. 

As described hereinabove, the present invention solves many problems associated with 
previous type systems. However, it will be appreciated that various changes In the details, 
materials and arrangements of parts which have been herein described and illustrated in order to 
explain the nature of the invention may be made by those skilled in the area within the principle 

CLB750IM.I 10 
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and scope of the invention will be expressed in the appended claims, 
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We Claim ; 

I. An antenna system comprising: 

at least one antenna element for sending and receiving a wireless signal; • 

at least one conductive member, having an edge displaced from and substantially 
directed toward the at least one antenna element, and cooperating therewith to establish a 
hemispherical beam pattern, 



2. The antenna system of claim 1 wherein the at least one antenna element 
comprises a pair of antenna elements, disposed respectively at opposite ends of the at least on 
conductive member, and cooperating therewith to establish a respective pair of hemispherical 
beam patterns. 



3. The antenna system of claim 1 wherein the at least one antenna element 
comprises a plurality of antenna elements, disposed respectively along the periphery of the at 
least one conductive member, and cooperating therewith to establish a respective plurality of 
hemispherical beam patterns. 



4. The antenna system of claim 3 whetein.a first portion of antenna elements are 
adapted to operate over a first wireless frequency band, and wherein a second portion of antenna 
elements are adapted to operate over a second wireless frequency band, 
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5. The antenna system of claim 4 wherein the first and second wireless frequency 
bands are 2.4 GHz and 5 GHz wireless bands. 



6. The antenna system of claim 1 wherein the at least one conductive member 
comprises a plurality of non-intersecting conductive members wherein each conductive member 
is associated with at least one antenna element 



7. The antenna system of claim 6 wherein the plurality of conductive members 
comprise first and second conductive members, located at a substantially perpendicular angle. 

8. The antenna system of claim 7 wherein each conductive member is associated 
with a pair of antenna elements, disposed at respective opposite ends of the respective 
conductive member. 

9. The antenna system of claim 8 wherein the pair of antenna elements associated 
with the first conductive member are adapted to operate in a first wireless frequency band and 
the pair of antenna elements associated with the seoond conductive member are adapted to 
operate in a second wireless frequency band. 
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10. The antenna system of claim 9 wherein the first and second wireless frequency 
bands arc 2.4 GHz and 5 GHz wireless bands. 

11. The antenna system of claim 1 wherein the at least one conductive member 
comprises a single planar element, substantially coplanar with the at Jeast one antenna element 

12. The antenna system of claim 1 wherein the at least one conductive member 
comprises a plurality of planar elements, substantially coplanar with the at least one antenna 
element. 

13. The antenna system of claim 1 wherein the at least one conductive member 
comprises a substantially angled member. 

14. The antenna system of claim 1 3 wherein the substantially contoured member is an 
angled member having a vertex edge substantially directed toward the at least one antenna 
element 
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1 5, The antenna system of claim 1 father comprising a sandwich module for 
providing a farther level of antenna isolation. 

1 6< The antenna system of claim 15 wherein the sandwich module comprises metal 
plates that substantially fece the at least one conductive member at a perpendicular angle. 

17. The antenna system of claim 15 where the sandwich module comprises a 
separation material having RF isolating properties, for providing a farther level of antenna 
isolation. 

1 8. The antenna system of claim 1 wherein the at least one antenna element is a 
dipoie antenna and the at least one conductive member is at least one discrete component. 

1 9. The antenna system of claim 1 wherein the at least one antenna element and at 
least one conductive member are formed on a single piece of circuit board material. 

20. The antenna system of claim 1 wherein the antenna element is shorter that the 
respective edge of the conductive member. 

21. A wireless device comprising: 
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a radio transceiver comprising a plurality of radio components for processing a 
wireless signal; 

at least one antenna element for sending and receiving a wireless signal; 

at least one conductive member, having an edge displaced from and substantially 
directed toward the at teast one antenna clement, and cooperating therewith to establish a 
hemispherical beam pattern for the wireless signal. 

22. The wireless device of claim 2 1 wherein the at least one antenna element 
comprises a pair of antenna elements, disposed respectively at opposite ends of the at least one 
conductive member, and cooperating therewith to establish a respective pair of hemispherical 
beam patterns, 

23. The wireless device of claim 21 wherein the at least one antenna element 
comprises a plurality of antenna elements, disposed respectively along the periphery of the at 
least one conductive member, and cooperating therewith to establish a respective plurality of 
hemispherical beam patterns. 

24. The wireless device of claim 21 wherein a ftst portion of antenna elements are 
adapted to operate oyer a first wireless frequency band, and wherein a second portion of antenna 
elements are adapted to operate over a second wireless frequency band, 
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25. The wireless device of claim 24 wherein the fiist and second wireless frequency 
bands are 2A GHz and 5 GHz wireless bands. 



26. The wireless device of claim 21 wherein the at least one conductive member 
comprises a plurality of non-intersecting conductive members wherein each conductive member 
is associated with at least one antenna element. 

27. The wireless device of claim 26 wherein the plurality of conductive membeis 
comprise first and second conductive members, located at a substantially perpendicular angle. 

28. The wireless device of claim 27 wherein each conductive member is associated 
with a pair of antenna elements, disposed at respective opposite ends of the respective 
conductive member. 

29. The wireless device of claim 28 wherein the pair antenna elements associated 
with the first conductive member are adapted to operate on a first wireless frequency band and 
the pair of antenna elements associated with the second conductive member are adapted to 
operate on a second wireless frequency band. 
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30. The wireless device of claim 29 wherein the first and second wireless frequency 
bands are 2.4 GHz and 5 GHz wireless bands, 

31. The wireless device of claim 2 1 wherein the at least one conductive member 
comprises a single planar element, substantially coplanar with the at least one antenna element 

32. The wireless device of claim 21 wherein the at least one conductive member 
comprises a plurality of planar elements, substantially coplanar with the at least one antenna 
element. 

33. The wireless device of claim 2 1 wherein the at least one conductive member 
comprises a substantially angled member. 

34. The wireless device of claim 33 wherein the substantially contoured member is an 
angled member having a vertex edge substantially directed toward the at least one antenna 
element. 
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33. The wireless device of claim 21 further comprising a sandwich module for 
providing a Anther level of antenna isolation. 

34. The wireless device of claim 33 wherein the sandwich module comprises metal 
plates that substantially face the at least one conductive member at a perpendicular angle. 

35. The wireless device of claim 33 where the sandwich module compris es a 
separation material having RF isolating properties, for providing a further level of antenna 
isolation. 

36. The wireless device of claim 21 wherein the at least one antenna element Is a 
dipole antenna and the at least one conductive member is at least one discrete component. 

37. The wireless device of claim 21 wherein the at least one antenna element and the 
at least one conductive member are formed on a single piece of circuit board materia]. 

38. The wireless device of claim 2 1 wherein the antenna element is shorter that the 
respective edge of the conductive member. 



19 



CU7JO109I 



PACE 24/41 • RCVD AT 1W2W2005 9:55:04 AM [Eastern Daylfltit TrmeJ * SVItUSPTO-Ef XRF-6/29 1 DMS:2736500 1 CSB>:2165925009 • DURATION (nm«s):10-04 



10/28/2085 09:55 2165925009 TUCKER ELLIS PAGE 25/41 

■ » 

ABSTRACT OS THE DISCLOSURE 

A wireless device is disclosed, including an antenna system comprising one or more 
antenna elements for sending and receiving a wireless signal. One or more conductive members 
are included, having an edge displaced from and substantially directed toward the at least one 
antenna element, and cooperating therewith to establish a multiplicity of hemispherical beam 
patterns for a wireless signal. Embodiments with a multiplicity of antenna elements exhibit a 
bigb degree of isolation between said antenna elements. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



ApplNo. : 10/686,233 Confirmation No. 6359 

Applicant JohnSanelH 

Filed : October 15, 2003 

TC/A.U : 2821 

Bxaminer : Huedung X. Cao 

Docket No. 72255-33238 

Customer No. : 23380 



FAXED TPs tt711 273^300 
Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313^1450 



AMENDMENT 



In response to the Office action of June 15, 2005, please amend the above-identified 
application as follows: 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 of this 
paper. 

Amendments to the Drawings begin on page 12 of this paper and include both an attach ed 
replacement sheet and an annotated sheet showing changes. 
Remarks/Arguments begin on page 13 of this paper. 

An Appendix including formal drawing figures is attached following page 15 of this paper. 
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AmdL ditod September 15, 2003 

Reply to Office idion of Juno 13, 2Q0J 

Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the application: 
Listing of Clfltim; 

1. (Currently Amended): An antenna system comprising: 

at l e ast ow plurality of active antenna elements for sending and receiving a wireless 

signal; 

at least one B§say^condiictive member, having [fan]] edges displaced from and • 
substantially directed towaid the at least on c pluralitv of active antenna elements, and cooperating 
therewith to establish a plurality of hemispherical beam pattern* 

2. (Canceled): 

3. (Currently Amended): The antenna system of claim 1 wherein the at least on epluralitv of 
Mvg antenna elements oompriooo aglunility of antenna el e ments, i gc disposed respectively 
along the periphery of the at least one conductive member, and cooperating therewith to establish 
a respective plurality of hemispherical beam patterns. 

4. (Original): The antenna system of claim 3 wherein a first portion of antenna elements are 
adapted to operate over a first wireless frequency band, and wherein a second portion of antenna 
elements are adapted to operate over a second wireless frequency band. 

5. (Original): The antenna system of claim 4 wherein the first and second wireless frequency 
bands are 2.4 GHz and 5 GHz wireless bands. 

6. (Original): The antenna system of claim I wherein the at least one conductive member 
comprises a plurality of non-intexsecting conductive members wherein each conductive member 
is associated with at least one antenna element. 
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Amdi ditad September 13, 2003 

Reply to Office lotion of J ana 1 S> 2003 

7. (Original); The antenna system of claim 6 wherein the plurality of conductive members 
comprise first and second conductive members, located at a substantially perpendicular angle. 

8. (Original): The antenna system of claim 7 wherein each conductive member is associated 
with a pair of antenna elements, disposed at respective opposite ends of the respective 
conductive member. 

9. (Original): The antenna system of claim 8 wherein the pair of antenna elements associated 
with the first conductive mdnber ere adapted to operate in a first wireless frequency band and 
the pair of antenna elements associated with the second conductive member are adapted to 
operate in a second wireless frequency band. 

10. (Original): The antenna system of claim 9 wherein the first and second wireless 
frequency bands are 2.4 GHz and 5 GHz wireless bands. 

1 1 . (Original): The antenna system of claim 1 wherein the at least one conductive 
member comprises a single planar element, substantially coplanar with the at least one antenna 
element. 

12. (Original): The antenna system of claim 1 wherein the at least one conductive 
member comprises a plurality of planar elements, substantially coplanar with the at least one 
antenna element. 

1 3. (Original): The antenna system of claim 1 wherein the at least one conductive 
member comprises a substantially angled member. 

14. (Original): The antenna system of claim 13 wherein the substantially contoured 
member is an angled member having a vertex edge substantially directed toward the at least one 
antenna element, 
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15. (Original): The antenna system of claim t further comprising a sandwich module for 
providing a farther level of antenna isolation. 

1 6. (Original): The antenna system of claim 1 5 wherein the sandwich module comprises 
metal plates ftiat substantially face the at least one conductive member at a perpendicular angle. 

17. (Original): The antenna system of claim 15 where the sandwich module comprises a 
separation material having RF isolating properties, for providing a further level of antenna 
isolation. 

18. (Original): The antenna system of claim 1 wherein the at least one antenna element is 
a dipole antenna and the at least one conductive member is at least one discrete component. 

19. (Original) : The antenna system of claim 1 wherein the at least one antenna element 
and at least one conductive member are formed on a single piece of circuit board material 

20. (Original): The antenna system of claim 1 wherein the antenna element is shorter that 
the respective edge of the conductive member. 

21. (Currently Amended): A wireless device comprising: 

a radio transceiver comprising a plurality of radio components for processing a wireless 

signal; 

at least ono plurality of active antenna element^ for sending and receiving a wireless 

signal; 

at least one ttassiye conductive member, having [[an]] edges displaced from and 
substantially directed toward the attorn* on e pluralitv of active antenna elements, and cooperating 
therewith to establish a plurality of hemispherical beam patterns for the wireless signal. 

Claim 22 (canceled) 
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23> (Currently Amended): The wireless device of claim 21 wherein the aMeoat on oo lurality of 
active antenna elements oomprioos a plurality of antenna e l e»e nta. are disposed respectively 
along the periphery of the at least one conductive member, and cooperating therewith to establish 
a respective plurality of hemispherical beam patterns. 

24. (Original): The wireless device of claim 21 wherein a first portion of antenna 
elements arc adapted to operate over a first wireless frequency band, and wherein a second 
portion of antenna elements are adapted to operate over a second wireless frequency band. 

25. (Original): The wireless device of claim 24 wherein the first and seoond wireless 
frequency bands are 2.4 GHz and 5 GHz wireless bands. 

26. (Original): The wireless device of claim 21 wherein the at least one conductive 
member comprises a plurality of non-intersecting conductive thembere wherein each conductive 
member is associated with at least one antenna element 

27. (Original): The wireless device of claim 26 wherein the plurality of conductive 
members comprise first and second conductive members, located at a substantially perpendicular 
angle. 

28. (Original): The wireless device of olaim 27 wherein each conductive member is 
associated with a pair of antenna elements, disposed at respective opposite ends of the respective 
conductive member. 

29. (Original): The wireless device of claim 28 wherein the pair antenna elements 
associated with the first conductive member are adapted to operate on a first wireless frequency 
band and tiie pair of antenna elements associated with the second conductive member arc 
adapted to operate on a second wireless frequency band, 

30. (Original): The wireless device of claim 29 wherein the first and second wireless 
frequency bands are 2,4 GHz and 5 GHz wireless bands. 
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31. (Original); The wireless device of claim 21 wherein the at least one conductive 
member comprises a single planar element, substantially coplanar with the at least one antenna 
element 

32. (Original): The wireless device of claim 21 wherein the at least one conductive 
member comprises a plurality of planar elements, substantially coplanar with the at least one 
antenna element. 

33. (Original): The wireless device of claim 21 wherein the at least one conductive 
member comprises a substantially angled member. 

34. (Original): The wireless device of claim 33 wherein the substantially contoured 
member is an angled member having a vertex edge substantially directed towaid the at least one 
antenna element. 

3325. (Currently Amended): The wireless device of claim 21 further comprising a sandwich 
module for providing a further level of antenna isolation. 

342$. (Currently Amended): The wireless device of claim 33 wherein the sandwich module 
comprises metal plates that substantially face the at least one conductive member at a 
perpendicular angle. 

5522. (Currently Amended): Hie wireless device of claim 33 where the sandwich module 
comprises a separation material having RF isolating properties, for providing a fiirther level of 
antenna isolation. 

3628. (Currently Amended): The wireless device of claim 21 wherein the at least one antenna 
element is a dipole antenna and the at least one conductive member is at least one discrete 
component 
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W3£ (Currently Amended): The wireless device of claim 21 wherein the at least one antenna 
element and the at least one conductive member are formed on a single piece of circuit boari 
material. 

3S4Q. (Currently Amended): The wireless device of claim 21 wherein the antenna element is 
shorter that the respective edge of the conductive member. 

41. (New) An antenna system comprising: 

at least one antenna element for sending and receiving a wireless signal; and 

at least one conductive member, having an edge displaced from and substantially directed 

toward the at least one antenna element, and cooperating therewith to establish a hemispherical 

beam pattern; 

wherein the at least one conductive member comprises a plurality of non-intersecting 
conductive members wherein each conductive member is associated with at least one antenna 
element, 

42. (New): The antenna system of claim 41 wherein the plurality of conductive members 
comprise first and second conductive members, located at a substantially perpendicular angle. 

43. (New): The antenna system of claim 42 wherein each conductive member is associated 
with a pair of antenna elements, disposed at respective opposite ends of the respective 
conductive member. 

44. (New): The antenna Systran of claim 43 wherein (he pair of antenna elements associated 
with the first conductive member are adapted to operate in a first wireless frequency band and 
the pair of antenna elements associated with the second conductive member are adapted to 
operate in a second wireless frequency band 

45. (New): The antenna system of claim 44 wherein the first and second wireless frequency 
bands axe 2 A OHz and 5 GHz wireless bands. 
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46. (New); An antenna system comprising: 

at least one antenna element for sending and receiving a wireless signal; and 

at least one conductive member, having an edge displaced from and substantially directed 

towaid the at least one antenna element, and cooperating therewith to establish a hemispherical 

beam pattern; 

wherein the at least one conductive member comprises a substantially angled member. 

47. (New): The antenna system of claim 46 wherein the substantially contoured member is an 
angled member having a vertex edge substantially directed towaid the at feast one antenna 
element. 

48. (New): An antenna system comprising: 

at least one antenna element for sending and receiving a wireless signal; 

at least one conductive member, having an edge displaced from and substantially directed 
toward the at least one antenna element, and cooperating therewith to establish a hemispherical 
beam pattern; and 

a sandwich module for providing a further level of antenna isolation. 

49. (New): The antenna system of claim 48 wherein the sandwich module comprises metal 
plates that substantially face the at least one conductive member at a perpendicular angle. 

50. (New): The antenna system of claim 49 where the sandwich module comprises a 
separation material having RF isolating properties, for providing a further level of antenna 
isolation. 



51. (New): An antenna system comprising: 

at least one antenna element for sending and receiving a wireless signal; and 

at least one conductive member, having an edge displaced from and substantially directed 

toward the at least one antenna clement, and cooperating therewith to establish a hemispherical 
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wherein the antenna element is shorter that the respective edge of the conductive 
member. 

52. (New); A wireless device comprising; 

a radio transceiver comprising a plurality of radio components for processing a wireless 

signal; 

at least one antenna element for sending and receiving a wireless signal; and 

at least one conductive member, having an edge displaced from and substantially directed 

toward the at least one antenna element, and cooperating therewith to establish a hemispherical 

beam pattern for the wireless signal; 

wherein the at least one conductive member comprises a plurality of non-intersecting 

conductive members wherein each conductive member is associated with at least one antenna 

element 

53. (New): The wireless device of claim 52 wherein the plurality of conductive members 
comprise feat and second conductive members, located at a substantially perpendicular angle. 

54. (New): The wireless device of claim 53 wherein each conductive member is associated 
with a pair of antenna elements, disposed at respective opposite ends of the respective 
conductive member. 

55. (New): The wireless device of claim 54 wherein the pair antenna elements associated 
with the first conductive member are adapted to operate on a first wireless frequency band and 
the pair of antenna elements associated with the second conductive member are adapted to 
operate on a second wireless frequency band 

56. (New): The wireless device of claim 55 wherein the first and second wireless frequency 
bands arc 2.4 GHz and 5 GHz wiieless bands. 

57. (New): A wireless device comprising: 



PACE 35/41 * RCVD AT 1MW2005 9:55:04 AM [Eastern Daylight Time] • $VR:UOTO-EFXRF-6/29 1 DNtS:273G500^ CSID:216592MJ 9 1 DURATION (nnirc$):1WW 



10/20/2805 09:55 2165925009 



TUCKER ELLIS 



PAGE 36/41 



Amft dactd September lj, 2005 
Rflply lo Office i «io» of Junt 1 5, 20W 

a radio transceiver comprising a plurality of radio components for processing a wireless 

signal; 

at least one antenna element for sending and receiving a wireless signal; and 

at least one conductive member, having an edge displaced from and substantially directed 

toward the at least one antenna element, and cooperating therewith to establish a hemispherical 

beam pattern for the wireless signal; 

wherein the at least one conductive member comprises a substantially angled member. 

58. (New): The wireless device of claim 57 wherein the substantially contoured member is m 
angled member having a vertex edge substantially directed toward the at least one antenna 
clement. 

59. (New); A wireless device comprising: 

a radio transceiver comprising a plurality of radio components fox processing a wireless 

signal; 

at least one antenna element for sending and receiving a wireless signal; 

at least one conductive member, having an edge displaced from and substantially directed 
toward the at least one antenna element, and cooperating therewith to establish a hemispherical 
baam pattern for the wireless signal; and 

a sandwich module for providing a further level of antenna isolation. 

60. (New): The wireless device of claim 59 wherein the sandwich module comprises metal 
plates that substantially face the at Least one conductive member at a perpendicular angle. 

61. (New): The wireless device of claim 59 where the sandwich module comprises a 
separation material having KF isolating properties, for providing a further level of antenna 
isolation. 

62. (New): A wireless device comprising: 

a radio transceiver comprising a plurality of radio components for processing a wireless 

signal; 
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at lease one antenna dement for sending and receiving a wireless signal; and 

at least one conductive member, having an edge displaced from and substantially directed 

toward the at least one antenna element, and cooperating therewith to establish a hemispherical 

beam pattern for the wireless signal; 

wherein the antenna element is shorter that the respective edge of the conductive 
member. 
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Reply to omcc action of J*nt 15,2005 

Amendments to the Drawings! 

Submitted herewith are formal drawings, There is no new matter in the drawings. 
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REMARKS/ARGUMFN^ 
Hie applicant would like to acknowledge, with thanks, the Office Action mailed June 15, 
2005. This amendment and response is responsive to the Office Action mailed June 15, 2005, 

The examiner objected to misnumbewd claims 33-34. The examiner renumbered claims 
33 and 34 to 35 and 36 and renumbered claims 35-38 to 37-40 respectively. Accordingly, claims 
35-40 are amended herein to correspond with the examiner's renumbering. 

New claims 41 is claim 6 rewritten m independent form. The examiner indicated claim 6 
would be allowable if rewritten in independent form containing all of the limitations of the base 
daim and any intervening claims. New claims 42^45 are the equivalent of claims 7-10 and 
directly depend from new claim new 41 (the equivalent of claim 6 containing all of the 
limitations of the ba$e claim and any intervening claims) and should thus be allowable. 

Claim 46 is the equivalent of claim 13 rewritten in independent form containing all of the 
limitations of the base claim and any intervening claims, which the examiner indicated would be 
allowable. Claim 47 is the equivalent of claim 14 depending from claim 46 (which is the 
equivalent of claim 13 containing all of the limitations of the base claim and any intervening 
claims), and thus should be in condition for allowance. 

New claim 48 is the equivalent of claim 15 rewritten in independent form a containing all 
of the limitations of the base claim and any intervening claims, which the examiner indicated 
would be allowable. New claims 49^50 are the equivalent of claims 16-17 dependent on claim 
48 (the equivalent of claim 15 containing all of the limitations of the base claim and any 
intervening claims). 

New claim 51 is the equivalent of claim 20 rewritten in independent form containing all 
of the limitations of the base claim and any intervening claims, which the examiner indicated 
would be allowable. 

New claim 52 is the equivalent of daim 26 rewritten in independent form containing all 
of the limitations of the base claim and any intervening claims, which the examiner indicated 
would be allowable. Claims 53-56 are the equivalent of claims 26-30 depending from claim 52 
(the equivalent of claim 26 containing all of the limitations of the base claim and any intervening 
claims) which the examiner indicated would be allowable- 
New claim 57 is the equivalent of claim 33 rewritten in independent form containing all 
of the limitations of the base claim and any intervening claims, which the examiner indicated 
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would be allowable. Claim 58 is the equivalent of claims 34 which is dependent on claim 57 
(the equivalent of claim 33 containing all of the limitations of the base claim and any intervening 
claims), and thus should be in condition for allowance. 

Claim 59 is the equivalent of claim 35 rewritten in independent form containing all of the 
limitations of the base claim and any intervening claims, which the examiner indicated as 
allowable. Claims 60-61 are tine equivalent of claims 36-37 dependent on claim 59 (the 
equivalent of claim 35 containing all of the limitations of the base claim and any intervening 
claims) and thus should be in condition for allowance. Claim 62 is the equivalent of claim 40 
rewritten in independent form containing all of the limitations of the base claim and any 
intervening claims, which the examiner indicated as allowable. 

L BfitefeM BPder 35 D.S.C. fi 102 and 35 tj Ittt 

Claims 1-4, 11-12 and 18-19, 21-24, 31-32 and 38-39 stand refected as anticipated by 
U.S. Patent No. 6,864,852 B2 to Chiang et al. (hereinafter Chiang). Claims 5 and 25 stand 
rejected as being obvious in view of Chiang. Claims 2 and 22 have been cancelled. For reasons 
that will now be set forth, claims 1, 3-5, 11-12, 18-19, 21, 23-24, 31-32 and 38-39 as currently 
amended are not anticipated or obvious baaed on Chiang. 

Independent claims 1 and 21 as currently emended recite an apparatus (an antenna system 
and wireless device respectively) comprising a plurality of active antenna elements for sending 
and receiving a wireless signal and at least one passive conductive member, having edges 
displaced from and substantially directed toward the plurality of active antenna elements, and 
cooperating therewith to establish a plurality of hemispherical beam patterns. By contrast, 
Chiang discloses antenna arrays that has a single active element (reference number 202) and 
passive elements (reference number 200 in Pig. 4 or passive dipoles 308 in Fig. 20) mat shape 
the radiation pattern from (or to) the active element (see col. 7, lines 34-36; coL 15, lines 59-61. 
The active element is in the center of the antenna system and the passive elements (e.g., passive 
dholes) surround the active element Thus, Chaing does not disclose, teach, suggest or motivate, 
a system comprising a plurality of active antenna elements for sending and receiving a wireless 
signal and at least one passive conductive member, having edges displaced from and 
substantially directed toward the plurality of active antenna elementa, and cooperating therewith 
to. establish a plurality of hemispherical beam patterns. 
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Claims 3-20 and 23-40 are directly dependent from claims 1 and 21 respectively and 
therefore contain each and evwy dement of claims 1 and 21 respectively. TWore, for the 
teason* already set forth for claims l and 21, claims 3-20 and 23-40 are not anticipated or 
obvious in view of Chiang. 

In addition to the reasons set forth above, claims 3 and 23 recite that the plurality of 
antenna elements are disposed along the periphery of the at least one conductive member. By 
contrast, the systems disclosed by Chiang have passive elements disposed along the periphery of 
the (single) active element (see Figs 3-5, 7, 9, 11. 13, 15, 17 and 19-20. Thus, in addition to the 
teasons set forth above, Chiang does not disclose, teach, suggest or motivate the subject matter 
Of claims 3 and 23. 
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A credit card payment for the additional claim feea is being submitted wife this 
fflnendmeni If there arc any f 6es necessitated by the foregoing communication, please charge 
such fees to our Deposit Account No. 50-0902, referencing our Docket No. 72255-33238. 

I, 

Respectfully submitted, 
TUCKER, ELLIS & WEST 

a- ?'/f.^ , ^ Si J(l-— 

^xarKpfi. Donovan 
Rotation No. 47,230 
. 1 150 Huntington Building 
925 Euclid Avenue 
Cleveland, Ohio 441 i 5-1 475 
Customer No. 23380 
(216) 696-3864 (phone) 
(216) 592-5009 (&x) 
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